Abstract MRL-lprllpr mice spontaneously develop an autoimmune disease resembling systemic lupus erythematosus and rheumatoid arthritis. One of the unique serological abnormalities in this strain is remarkably high concentrations of cryoglobulins. Analysis of immunoglobulin components in their cryoglobulins has shown selective enrichment of a particular IgG subclass, IgG3. As IgG3 enrichment is also found in two other cryoglobulins, which are induced after injection with bacterial lipopolysaccharides or infection with malaria, IgG3 apparently represents a major source of murine cryoglobulins. Studies on murine IgG3 monoclonal antibodies (mAbs) have clearly shown that murine IgG3 have the unique physicochemical property to self associate through non-specific IgG3 Fc-Fc interaction, and that most of them can generate monoclonal cryoglobulins. Most strikingly, IgG3 monoclonal cryoglobulins with rheumatoid factor (RF) activity induce extensive pathological manifestations: skin vascular purpura and glomerulonephritis with 'wire loop' lesions. Although the cryoglobulin activity of IgG3 RF mAb is solely responsible for the generation of glomerular lesions (both RF and cryoglobulin activities are necessary for skin vascular lesions), the absence of nephritogenic activity by some
enrichment is also found in two other cryoglobulins, which are induced after injection with bacterial lipopolysaccharides or infection with malaria, IgG3 apparently represents a major source of murine cryoglobulins. Studies on murine IgG3 monoclonal antibodies (mAbs) have clearly shown that murine IgG3 have the unique physicochemical property to self associate through non-specific IgG3 Fc-Fc interaction, and that most of them can generate monoclonal cryoglobulins. Most strikingly, IgG3 monoclonal cryoglobulins with rheumatoid factor (RF) activity induce extensive pathological manifestations: skin vascular purpura and glomerulonephritis with 'wire loop' lesions. Although the cryoglobulin activity of IgG3 RF mAb is solely responsible for the generation of glomerular lesions (both RF and cryoglobulin activities are necessary for skin vascular lesions), the absence of nephritogenic activity by some IgG3 cryoglobulins supports the idea that qualitative features of cryoglobulins are critical to determine their pathogenic activity. The demonstration of a positive correlation between the production of IgG3 cryoglobulins and the development of lupus nephritis in MRL-lpr/lpr mice further substantiates the pathological importance of cryogenic autoantibodies. On the other hand, it should be emphasised that non-cryogenerating IgG3 autoantibodies may not be harmful, but even protective, as a result of their interaction with pathogenic IgG3 cryoglobulins. Finally, the development of an experimental model of cryoglobulinaemia associated with vascular and glomerular disease certainly represents an invaluable opportunity to study the molecular mechanisms responsible for the generation of cryoglobulins and their associated tissue lesions, and also to assess various therapeutic approaches. Our demonstration that anti-idiotypic mAb can prevent the pathogenic effects of the cryoprecipitable IgG3 RF mAb suggests strongly that such a therapeutic approach might be successful in similar diseases in man.
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Cryoglobulins are immunoglobulins which precipitate at temperatures lower than 37°C with resolution upon warming. - As IgG3 are selectively concentrated in spontaneous and induced cryoglobulins it is likely that the self association and subsequent cryoprecipitation of murine IgG3 molecules is the principal mechanism responsible for the generation of cryoglobulins in mice. To consider this question we used IgG3 monoclonal antibodies (mAbs) from autoimmune MRL-lpr/lpr and (NZBXNZW)F1 mice to assess their ability to generate cryoglobulins. Twenty eight of 32 mAbs, independently of their immunological specificities, generated cryoglobulins, each composed exclusively of IgG3 mAb without the involvement of any other antigens.14 16 17 The cryoglobulin activity of IgG3 is not a phenomenon unique to autoimmune mice, because five of eight IgG3 anti-dinitrophenyl mAbs derived from nonautoimmune mice similarly develop cryoglobulins.'i Such an activity of IgG3 mAb has also been noted by others.91-2i The role of the -y3 constant (C-y3) region for the cryoglobulin generation has been most directly demonstrated by immunoglobulin class switch variant experiments: the cryoglobulin activity is gained after the immunoglobulin class switch of mAb from IgM to IgG3, but lost after the class switch from IgG3 to IgGl.' 4 20 21a All these data clearly indicate that murine IgG3 have a unique physicochemical property which allows them to self associate through non-immunological -y3 Fc-Fc interaction, and that most of them can generate monoclonal cryoglobulins, independently of their specificities and origins. This unique property of murine IgG3 to self associate is, however, not limited to cryoprecipitating mAbs. In fact, both cryoprecipitating and non-cryoprecipitating IgG3 mAbs can interact with each other, in a quantitatively similar manner, but not with other IgG subclasses.14 18 22 These non-specific IgG3-IgG3 interactions would account for the microaggregate formation noted in the first described murine IgG3 myeloma protein, J606. 23 The complete identity of the nucleotide sequences of the C-y3 regions of the noncryoprecipitable J606 protein and a cryoprecipitable IgG3 mAb (clone 6-19) derived from MRL-lpr/lpr mice24 rules out an abnormality in the C-y3 region of either cryoprecipitable or non-cryoprecipitable IgG3 proteins. Thus, clearly, the Cy3 domain is necessary for the self association of IgG3 mAb S49 group.bmj.com on April 3, 2017 -Published by http://ard.bmj.com/ Downloaded from but not sufficient in itself to determine cryoprecipitation. Apparently, an additional factor is required to form the cryoglobulin. In this regard it should be noted that the cryoprecipitation of anti-dinitrophenyl IgG3 mAb is completely inhibited after the binding of monomeric anionic dinitrophenyl-amino acid conjugates and can be enhanced by the binding of cationic conjugates.'8 This is consistent with the idea that electrostatic interactions are a significant factor in the precipitation process, as suggested by studies on human monoclonal cryoglobulins.7 8 25 It is not surprising that the determination of the isoelectric point of human monoclonal cryoglobulins7 8 and murine IgG3 cryoglobulins'8 failed to show differences between cryoimmunoglobulins and non-cryoimmunoglobulins, even if such differences exist, because the presence of only a few electrostatic contacts may be all that is necessary to produce abnormal solubility properties. Therefore, it is likely that the physicochemical behaviour of the C-y3 region is related to the self associating property of the IgG3 molecule, but that the presence of certain clusters of charged domains in its Fab portion determines its cryoglobulin activity.
The tSerum concentrations of IgG3 (mg/ml) and cryoglobulins (gg/ml) at death. (fig 3) . 42 The lack of production of cryoprecipitable autoantibodies with immunopathological consequences may partly explain the development of only limited autoimmune disease in C57B1J6 and C3H mice bearing the lpr mutation. '5 In view of the pathogenic importance of IgG3 cryoglobulins in murine autoimmune rheumatic diseases, it should be mentioned that human IgG3 have physicochemical properties similar to those of murine IgG3. All the human IgG3 myeloma proteins studied undergo a concentration and temperature dependent aggregation, though not always cryoprecipitation. [43] [44] [45] [46] As this aggregating site seems to be localised in the Fd fragment of the IgG3 heavy chain,43 the molecular mechanism of the self association may not be identical in human and murine IgG3. Nevertheless, such a physicochemical property of human IgG3 would explain the frequent enrichment of IgG3 subclass in association with IgM RF in human mixed cryoglobulins.47 Although one should be aware of the fact that the qualitative aspect of cryoglobulins may be critically important for expression of their pathogenic activities, the presence of cryoprecipitable autoantibodies should be reassessed in relation to clinical manifestations to determine whether cryoprecipitable autoantibodies are useful and predictive markers of human rheumatic diseases. 
